We calculate to order l/N (the next-to-leading order in l/N expansion) the effective potential for O(N)-symmetric and supersymmetric models in two space-time dimensions and discuss a spontaneous breakdown of supersymmetry. The order l/N approximation leads to a phase transition between unbroken-and broken-supersymmetry at a critical point of the mass scale which characterizes the renormalized coupling constant in common with the case of leading order in 1/ N expansion. § 1. Introduction Several authors have studied the supersymmetric field theory in the large N limit. They have found that there exist a class of models which exhibit spontaneous supersymmetry breaking in two and three space-time dimensions by calculating the effective potential to leading order in the 1/ N expansion_l),2) In particular Higashijima and Uematsul) have shown that there occurs a phase transition between unbroken-and broken-supersymmetry at a critical value of the mass scale which characterizes the renormalized coupling constant in the two dimensional O(N)-Wess-Zumino model.
Several authors have studied the supersymmetric field theory in the large N limit. They have found that there exist a class of models which exhibit spontaneous supersymmetry breaking in two and three space-time dimensions by calculating the effective potential to leading order in the 1/ N expansion_l),2) In particular Higashijima and Uematsul) have shown that there occurs a phase transition between unbroken-and broken-supersymmetry at a critical value of the mass scale which characterizes the renormalized coupling constant in the two dimensional O(N)-Wess-Zumino model.
We undertake, in this paper, an extension of these results to the next-to-leading order in 1/ N expansion_ One might ask whether there exist the critical point in order 1/ N. This paper will provide an answer to this question. This paper is organized as follows. In § 2 we describe our model and discuss the effective potential at the tree level as well as the large Nlimit. In § 3 we calculate the effective potential to next-to-leading order in 1/ N expansion and investigate the phase structure of the model. Section 4 is devoted to discussions and conclusions_ § 2. The model and the effective potential
We consider a class of the supersymmetric theories in two dimensions described by the following lagrangian density in term of the component fields: (2'1) where 
which is the O(N) -invariant version of two dimensional Wess-Zumino model, and is the simplest case which exhigits supersymmetry breaking. A general case will be discussed in § 4. The effective potential of the theory described by (2 ·1) is given by the tree approximation (We make the redefinition Veff -> NVeff.) ,
It follows immediately that at the tree level supersymmetry is ).mbroken if AI g < 0.
We then integrate over the O(N) vector and get the effective potential to the leading order in powers of 1/ N ,
where we have denoted the classical field Ao and Fo as A and F for notational simplicity, and we have introduced a renormalization group invariant mass scale Mo which characterizes the renormalized coupling constant as follows:
where A is the bare coupling and oA(tt) the counter term.
In order to find a stationary point we minimize Ve~f (A, F) with respect to A and F: Leading approximation M02 dependence of scalar and fermion masses is plotted in Fig. 2 . Before closing this section it would be necessary to point out that there exist a massless scalar Ao and a massless fermion CPo as Mo=Moe. In the next section it will be definitely shown whether these massless where Z is the generating functional, and
The shifted effective lagrangian is constructed by the field translation momentum space as follows (see Fig. 3 ):
where Using these results we obtain the complete effective potential to the next-to-Ieading order in 1/ N as follows: (3'6) where Ve~f(A, F) is the effective potential at order one, (2'6), and Wff(A, F) is given by (3· 7) where __ g2{ g2 mA2-m . • Here, since the divergent part of the unrenormalized effective potential is Fig. 4. Graphs which contribute to W,,(A, F) . The last term in (3 -7) is the counterterm. We can also interpret that Ve1f corresponds to the sum of terms of Fig. 4 .
To establish symmetry breaking we need only search for zeros of aVeff/aA and aVeff/aF as follows: at detD B -lIF=O -at detSiJIF=O (3-10) (3) (4) (5) (6) (7) (8) (9) (10) (11) = 2 + 12g
In order to discuss the behavior of (aVeff/aF)IF=O it is helpful to have in mind the following feature of det DB-1IF=o in the integrand of (aVeff/aF)IF=O as p2 is small. ,.,---... ,
showed in two dimensions, and we show that the order 1/ N approximation has the same phase structure in large N limit changed only by a small amount 0(1/ N). =0 .] Finally, though 1/ N expansion seems to predict spontaneous breaking of the continuous chiral symmetry, this is not possible in two dimensions due to Coleman's theorem. But the 1/ N expansion is a good guide to the properties of Gross-Neveu model. 4) The 1/ N expansion in supersymmetric model is also a good guide. Therefore we will need the further theoretical study about new vacua happening in Fig. 5(a) and the structure of vacua in order I/N at Fo=O. In superstring theory, one may discuss the relation between the supersymmetric breakdown in two dimens~ons (world-sheet) and in ten dimensions (space-time) .
